To determine whether a urine collection of Ͻ24 hours duration accurately assesses the level of proteinuria in inpatients being evaluated for preeclampsia.
Hypertensive disease is the most commonly encountered significant medical complication of pregnancy, affecting an estimated 5% to 10% of all pregnancies.
1 Preeclampsia, as mild or severe disease, is responsible for ϳ70% of the hypertensive disease observed during pregnancy. To insure the accuracy of the diagnosis of preeclampsia, the amount of proteinuria must be accurately evaluated. 2 Traditionally, performing a 24-hour urine collection for total protein has been promoted and practiced as a "gold standard." [3] [4] [5] The rationale behind the 24-hour urine collection is that in preeclamptic patients, the fluctuation of protein loss in the urine varies significantly over a 24-hour period, and collections of less than this duration may not accurately reflect the actual amount of daily protein loss.
Collection of a 24-hour urine specimen can be associated with several problems. First, this large volume of urine is heavy and renders the collection vessel cumbersome for patients and hospital personnel to manage. Second, after collection of the 24-hour urine specimen, laboratory analysis takes more time, further delaying diagnosis and directed management. Hence, several investigations have attempted by variable methodologies to shorten the time period and to better identify the patient with preeclampsia. These have included dipstick evaluation of single voided specimens for proteinuria and the use of protein:creatinine ratios in single voided specimens. Reports of the accuracy of these methods have been inconsistent. 6 -8 Neither assessment tool has been found to be sufficiently suitable to replace the 24-hour urine collection as the standard recommended methodology.
The purpose of this investigation was to determine whether a shorter period of urine collection would still accurately reflect the level of proteinuria that otherwise would be measured in a 24-hour urine collection, therefore effectively decreasing the time necessary to make the diagnosis of preeclampsia and initiate appropriate targeted treatment.
MATERIALS AND METHODS
Approval of the Institutional Review Board was obtained before beginning this investigation and informed consent was obtained from all patients participating in this trial. Patients admitted to the University of Mississippi Medical Center between January 1, 1998 and June 30, 1998 for evaluation of possible preeclampsia and/or characterization of the severity of the preeclampsia were offered participation in this prospective observational study. Patients who chose to participate were evaluated in standard fashion and a final diagnosis of preeclampsia or other related hypertensive disorder was derived according to standard American College of Obstetrics and Gynecology criteria. 2 As a part of their evaluation, these patients undertook serial collections of two12-hour urine samples. The 12-hour urine samples were collected in standard fashion, with the second 12-hour urine collection being Original Article
initiated immediately after the conclusion of the first 12-hour urine collection. Urine collections were initiated by nursing staff immediately following hospital admission without regard to the time of day of initiation of the urine collection. Patients being evaluated for preeclampsia were not confined to bed rest and were allowed to ambulate on the antepartum ward. Patient charts were then retrospectively reviewed and the accuracy of diagnosis was evaluated by examination of discharge diagnosis, review of physician notes for patient symptoms, blood pressure, laboratory values, and clinical impression with comparison with data derived from the sequential urine collections. All data were entered into a relational database, and statistical analysis was performed. The null hypothesis was that there would be no significant difference between the total protein collections of the first and second 12-hour urine samples. The 12-hour urine collections were assayed for total volume, total protein, total calcium, and urine creatinine. Serum creatinine was determined by serum assay. Creatinine clearance, the protein:creatinine ratio, and the calcium:creatinine ratio were calculated by standard methods. An estimate of sample size undertaken before initiation of the trial indicated that to recognize a difference of 300 mg of protein in a 12-hour collection between the first and second urine collection, with a power of 0.80 and a p value of 0.05, 24 cases would need to be analyzed. A Pearson correlation coefficient was determined to compare the association between the first and second urine collections with a value of Ͼ0.70, indicating a strong association. Sensitivity, specificity, and positive and negative predictive values were calculated.
RESULTS
A total of 30 patients were enrolled in the investigation. One patient was excluded from analysis secondary to preexisting hypertensive nephropathy with first trimester urinary protein excretion in excess of 2 gm in 24 hours. A total of 29 patients remained for analysis. Of these patients 2 (7%) had mild preeclampsia, 16 (55%) had severe preeclampsia, 7 (24%) had preeclampsia superimposed on chronic hypertension, 2 (7%) had isolated chronic hypertension, and 2 (7%) had hypertension that did not meet the criteria for either chronic hypertension or preeclampsia. The average maternal age was 25 Ϯ 6.5 years and the average estimated gestational age at the time of testing was 29 Ϯ 4.7 weeks. Six patients (21%) were nulliparous, 14 (48%) were secunda gravidas, and 9 (31%) were of higher parity. The admission blood pressure was elevated in all 29 patients. The mean systolic blood pressure was 157 Ϯ 21 mm Hg, mean diastolic blood pressure was 94 Ϯ 12 mm Hg, and the average mean arterial blood pressure was 106 Ϯ 33 mm Hg.
The total protein excretion between the first and second consecutive 12-hour urine collections was correlated (846 Ϯ 796 mg/12 hours and 1013 Ϯ 113/12 hours, respectively, r ϭ 0.890, Table 1 ). When a 150-mg cutoff was used to indicate significant proteinuria in the first 12-hour urine collection and the 12-hour urine was compared with the 24-hour urine (cutoff of 300 mg/24 hours) for diagnostic accuracy, a sensitivity of 96%, a specificity of 100%, a positive predictive value of 100%, and a negative predictive value of 80% were observed (Table 2) . When low levels of proteinuria (Ͻ150 mg/12 hours) were examined, the positive and negative predictive values remain unchanged (100% and 80%, respectively).
The protein:creatinine ratios between the first and second 12-hour urine collections were correlated (1422 Ϯ 1415 mg/gm and 1716 Ϯ 1890 mg/gm, respectively, r ϭ 0.937). In the 24-hour urine collection, a protein:creatinine ratio of 400 mg/gm was equivalent to 300 mg in 24 hours of protein excretion in diagnosing preeclampsia. When a 200 mg/gm protein:creatinine ratio was examined in the first 12-hour urine collection and compared with the 24-hour collection, a sensitivity of 100%, a specificity of 50%, a positive predictive value of 92.5%, and a negative predictive value of 100% were observed.
The first and second concurrent 12-hour urine collections were not equivalent with regard to total calcium, total volume, calcium: creatinine ratio, or urine creatinine (Pearson's r values were all Ͻ0.70, p Ͼ 0.05). The creatinine clearance for the first and second 12-hour urine collections did not achieve a Pearson's r value of 0.70, but instead an r value of 0.686, associated with a p Ͻ 0.001. So although this did not reach statistical correlation, it is within reasonable variation.
DISCUSSION
Although there have been a number of attempts by investigators in recent years to evaluate the utility of a single protein:creatinine ratio or other rapid method to accurately reflect actual proteinuria in preeclamptic patients, 6 ,8 the 24-hour urine collection remains the gold standard. To our knowledge, this is the first clinical investigation evaluating the utility of an abbreviated period of urine collection in patients being evaluated for preeclampsia. The fluctuation in proteinuria during a 24-hour period is assumed to render collections of urine for Ͻ24 hours inaccurate. Furthermore, rapid evaluation of proteinuria by dipstick or spot urinalysis methods has been shown to correlate poorly with the actual level of proteinuria found in a 24-hour urine specimen. 9 As expected, the serum creatinine was found to be significantly correlated between the first and second sample. This is not surprising as, in the absence of acute renal failure, a significant variation in serum creatinine levels would not be expected. The findings of this prospective, observational study indicate that the collection of a 12-hour urine specimen can be as accurate as the longer 24-hour collection to estimate the amount of proteinuria and the protein:creatinine ratio in hospitalized patients who are being evaluated for preeclampsia. This correlation is observed without restriction of the patient to bed rest or and can be seen when the collection is started at any specific time period during the day. Thus the inpatient evaluation of such patients whose clinical symptoms are suspicious for preeclampsia can be concluded in a relatively short period. Patients being evaluated for preeclampsia could be observed for 23 hours in the hospital without admission, undergoing a serial blood pressure evaluation, standard laboratory evaluation, and a 12-hour urine collection for proteinuria. If these determinations are interpreted collectively to suggest that preeclampsia is not present or that the severity of the disease is not enough to warrant further inhospital intervention at that time, the patient could be discharged without incurring the cost of a hospital admission. The substitution of the 12-hour urine for the standard 24-hour urine would also enable the physician to formulate and enact appropriate patient care plans in a more timely manner. We would suggest that the collection of a 12-hour urine specimen and the doubling of the total protein value will allow a reasonable estimation of the amount of protein that would have been obtained in a 24-hour collection. 
